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Abstract  
In this work, the stems of two matured shrubby plants identified as wild bitter leaf (Vernonia  colorata) & kenaf 
(Hibiscus canabinus) were studied for their energy properties and fuel potentials.  The indigenously processed 
and dried stems of these plants have historically been used as sources of sustainable bright flame in communities 
within north central Nigeria. The two samples were collected, dried, pulverized and extracted using appropriate 
solvents to isolate the volatile combustible compounds believed to be responsible for the bright flame on 
combustion. The isolates are being purified to be detected using appropriate instrumentations such as GCMS and 
LCMS (ongoing). Prior to isolation, the physical energy properties which include; total volatile organic 
compounds (TVOC), fixed carbon, ash content, ultimate values, calorific value, moisture contents (MC) were 
determined. The gases emitted by these plants materials on combustion were also detected using multigas 
detector (Altair 5x Multigas). The results obtained indicate the concentrations of gases emitted such as CO, SOx 
and, NOx from the processed substances on combusting are within acceptable standard limits set for these gases, 
which suggest it is environmentally friendly. The technology employed in making the plants provide more 
sustainable flame for the light will eventually be studied by collecting samples of substances used in the process 
(water, mud, algae) for characterization. 
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1. Introduction  
The looming global energy crisis has prompted the search for alternatively energy sources globally in recent 
times. This is attributed to daily energy demand from various works of life like schools, homes, business areas 
and industries. It is forecasted that global energy demand could rise to 50% by the year 2025, with major part of 
the increase in demand coming from emerging economies (Agbro and Ogie, 2010). Part of the approaches 
needed to solve the energy crisis is to explore and establish empirical evidences to indigenous skills and 
techniques that were used in the ancient time as sources of energy in some tropical African communities. For 
instance, common with the Mushere, Chakfem, Mchip, Mupun, Angas, Mwaghavul and many other communities 
in Central Nigeria is the use of locally processed stems of shrubby plants like kenaf (Hibiscus cannabinus) and 
wild biter leaf (Vernonia colorata).  From the processed stem of these plants which these communities called 
‘giyam’ they are able to get sustainable burning flame that provides bright light in dark places and their houses. 
These skills and technologists are fading away without exploring their potential which might eventually be the 
answer to the widely acclaimed global need for sustainable alternative energy source. 
The indigenous process technology used by these communities involves harvesting the matured plants. This 
is eventually dried and dipped in muddy water for 4-5weeks, during which it is believed to have undergone some 
catalytic and microbial transformations (Figure 1). The processed stem has a very good combustion property as it 
is observed to burn continuously for some time with sustainable bright flame which acts as source of light in the 
dark with little smoke to pollute the environment. Like every other flammable material, it is expected that there 
should be some volatile components in the processed plant stem products which are responsible for the 
sustainable burning quality, unlike the unprocessed plant stem which does not produce such a sustainable bright 
flame. This is in line with an earlier work (Chaula et al., 2014), which confirmed that, those biomasses that 
contain a high content of volatile components, burn with a thick and bright flame. The aim of the research is to 
investigate the energy potential and the fuel properties of plants widely used as sources of sustainable flame by 
indigenous communities in North Central Nigeria. 
 
2. Methodology 
Hibiscus canabinus and Vernonia colorata were harvested around November and December when they were 
fully matured and sun-dried. After drying, the samples were soaked in muddy water for at least 5 weeks, 
debarked and sun-dry. The dried stems were crushed and ground with pestle and mortar. The pulverized samples 
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were then sieved to obtain a particle size of 0.50 -1.00mm. The following analysis were done on the samples 
based on methods adapted (Akowuah et al., 2012; Efomah and Gbabo, 2015; Saheed et al., 2015]; density/bulk 
density, moisture Contents, gross calorific value, ultimate analyses, volatile matter, ash content, fixed carbon, 
dry matter.  Similarly, method used (Wang et al., 2014) was slightly modified for characterization of the volatile 
organic compounds (VOCs). 
  
3. Results and Discussion 
The proximate analysis of H. canabinus  and V. colorata processed stems are presented in Figure 2.  The volatile 
matter content which is one of the parameter of interest in this research is 83.35% and 77.18% for the H.  
canabinus  and V. colorata respectively. The relatively high volatile matter in both plants justify why they are 
widely used as sources of sustainable flame. Some researchers (Loo and Koppejan, 2008) opined that when the 
volatile matters detected is high; it signifies easy ignition and a proportionate increase in flame length. It also 
indicates that during combustion, most plants will volatilize and burn in the gaseous phase. However, the H. 
canabinus with volatile components of 83.35% will produce more flame.  The relatively high dry matter contents 
of 85.00% for H.  canabinus and 90.92%  for V. colorata further justify the high combustion potentials of the 
plants. 
Percentage ash content for both H. canabinus (8.60%) and V. colorata (4.65%) gives the amount of the 
inorganic matter left out after complete combustion. The ash content is a lot higher than European normal 
standard of <1.5% for biomasses reported by Akowuah et al. (2012). While the moisture contents (MC) lies 
between 7.53% and 9.48 % which is well below the limit of 10-12% recommended by Austria and German 
standards for fuel pellets and briquettes (DIN, 1996 and ONORM, 2003). The low MC enhances the ignition 
ability which further heightens the combustion quality and helps reduce objectionable smoke and toxic gases 
release (Godbout et al., 2012).  
Fixed carbon contents were 8.69% for V colorata and 0.23% for H.  canabinus, which  is quite low in both 
samples. This is actually low when compared to a work reported for rice husk ash of 15.7% (Efomah and Gbabo, 
2015) and other related biomasses (kenaf grass -17.0%, neem wood -12.9%, mango wood-11.36%, and corncob-
11.36%) (Saidur et al., 2011). Fixed carbon is not necessarily equal to the total amount of carbon (ultimate 
carbon) in the plants because a significant amount is released as volatile hydrocarbons components. This is 
confirmed by the value of elemental composition reported as ultimate carbon to be 57.34% and 45.54% in V. 
colorata and H.  canabinus respectively. This parameter provides a rough estimate of the heating value of a fuel 
biomass and acts as the main heat generator during combustion. Thus, the higher the carbon content of a biomass 
the more likely that the species would have higher heating value (Akowuah et al., 2012). 
Figure 3 presents the ultimate analysis of the V colorata and H.  canabinus stem obtained from proximate 
analysis. Ultimate analysis involves the estimation of important chemical elements that makes up the biomass, 
namely; carbon (C), hydrogen (H), oxygen (O), nitrogen (N) and sulphur (S), they are responsible for the heat 
generating potential of the biomasses. The results for V. colorata is 57.34%, 6.56%, 35.50%, 0.56%  and 0.04% 
for C, H, O, N and S respectively, while that of H.  canabinus is C : 45.54%, H : 4.02%, O :31.32%, N : 0.20% 
and S : 0.01%. The results obtained is within the limits of a similar work, Chaney (2010) indicates the 
composition of the principal constituents as carbon ranging between 30 to 60% , oxygen 30-40%,  hydrogen 
between 5-6%,  while nitrogen and sulphur normally makes up less than 1% of dry matter biomass.     
The sizeable quantity of carbon contents with the H/C ratio of 0.09 for H. Canabinus when compared to V. 
colorata  having H/C  ratio of 0.11 confirms it has a higher heating value. The nitrogen contents in both plants is 
within the limit of ≤ 0.6% set by the Austria National Standard for Pellet and Briquettes (ONORM M 7135, 2003) 
and further conforms to limit of ≤ 0.3% set by the German National Standard for Fuel Pellet (DIN 51731, 1996). 
The sulphur contents in both samples were lower than the limits set by the Austria and German National 
Standards for Fuel Pellet and Briquettes (Sulphur content ≤ 0.08%). The low sulphur and nitrogen contents in 
both samples are low (Figure 3) which is good as there will be minimal release of sulphur (SOX) and nitrogen 
(NOx) oxides into the atmosphere on combustion, this is confirmed from the low concentration of SO2  averaging  
3.13 ppm (Figure 6) for both samples detected from the smoke emitted. Similarly, H2S gas detected from 
burning the H. Canabinus  and V. colorata stems were 6.50 and 23.00ppm which are still low compared to EPA 
Maximum Standards 76.00ppm (NAAGS 2016). This further point to the fact that the use of the plants as 
sources of light owing to the bright flame they produced makes them environmentally friendly. 
Calorific or heat values of both samples is 15 mJ/kg for H.  canabinus and 31.52 mJ/kg  for V.  colorata. 
This is within the range of values obtained in coconut shell-20.00mJ/kg, groundnut shell-19.20mJ/kg, 
eucalyptus-19.35mJ/kg, softwoods-19.80mJ/kg, hardwoods-19.00mJ/kg, switch grass-19.90mJ/kg (Saidur et al., 
2011), but slightly below Gmelina arborea = 32.79mJ/kg, Terminaliasuperba = 32.69mJ/kg, 
Triplochitonscleroxylon = 32.79mJ/kg reported (Adegoke et al., 2014). The reason for high calorific value could 
be traced to high carbon (ultimate carbon) content suggested by researchers (Kricka et al., 2012), who recounted 
that the calorific value of fuel increases with similar increase in carbon level.  Significance of the O: C and H: C 
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ratios on the calorific value of solid fuels was reported (McKendry, 2002) using a Van Krevelen diagram from 
which higher proportion of hydrogen and oxygen reduces the energy value of biomass fuel than fossil fuel (coal). 
The average O:C  and H:C ratios of 0.68 and 0.10 respectively in both samples gives a slightly low level of 
carbon which provide low calorific values in plants which has a remarkable influence on the heat values of the 
samples under study. The C: N ratio (Figure 4) will help in determining the appropriate energy conversion 
process in the biomasses, which will further assist in proposing a pathway for conversion of the energy of these 
plants into more useful energy source.  
From Figure 5, the loosed, loosed oven-dry and tapped oven-dry bulk densities of V. colorata are higher 
than that of H. canabinus. This suggests that V. colorata is more likely to have higher energy per unit volume. If 
all other factors remain constant, it will burns for a long period of time then the H. canabinus and other 
biomasses used for that purpose.  
 
4. Conclusion 
Among the energy parameters detected in both the processed stems of H. canabinus  and V. colorata, the volatile 
matter contents of 83.35% and 77.18% respectively stands out as the major parameter that justify the use of these 
plants by the indigenous communities  as sources of light owing to the bright flame they produce. Further 
characterization of the volatile matters which is ongoing will reveal the chemical components that support the 
combustion and enhance sustainability of the bright flame.  
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Figure 1: Flow Chart for traditional processing of the biomasses. 
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